Glycosaminoglycans (GAGs), a group of linear, acidic polysaccharides composed of repeating disaccharide units of galactosamine (or glucosamine) and uronic acid (typically iduronic acid), are found in the extracellular matrix of intestinal cells [3] . GAGs have numerous biological functions, including mechanochemical switching and growth regulation [6, 7, 16] . One GAG, chondroitin sulfate, is classified into three types based on structure; chondroitin sulfate A, dermatan sulfate (chondroitin sulfate B), and chondroitin sulfate C.
ABC has been purified, the gene has not yet been cloned.
Therefore, here, we attempted to clone the chondroitinase ABC gene from HJ-15 to characterize the biochemical and genetic properties of chondroitinase ABC.
The chondroitinase ABC gene of HJ-15 was cloned based on two internal amino acid sequences of the purified enzyme [5] . PCR was performed using primers csl ABC-1 and csl ABC-2 at an annealing temperature of 52 o C for 30 cycles. An approximately 670-bp PCR product was amplified, which was labeled with DIG (Roche, Switzerland) and used as a hybridization probe. To determine the full-length nucleotide sequence, positive clones from the genomic DNA library screened twice. In the first and second screenings, the genomic library was prepared by digestion with HindIII and KpnI (Takara, Japan), respectively. A portion of the digested chromosomal fragments (2.5−4.5 kbp) was extracted and ligated into the pKF3 vector (Takara), which was then transformed into E. coli TH2 competent cells (Takara). Positive clones were screened by Southern blotting and confirmed by DNA sequencing.
To express the cloned chondroitinase ABC, the fulllength chondroitinase ABC gene from B. stercoris HJ-15
The gene encoding chondroitinase ABC from a genomic library of Bacteroides stercoris HJ-15, which was isolated from human feces, was cloned. The cloned gene consisted of 3,090 bp and was predicted to encode a 1,029−amino-acid protein. The B. stercoris chondroitinase ABC gene was not homologous to other chondroitinase ABC genes; however, its amino acid sequence showed 71% homology to that of Bacteroides thetaiotaomicron. The gene was cloned in the pET-26b+ expression vector and expressed under the T7 promoter in Escherichia coli BL21(DE3). The purified recombinant chondroitinase ABC degraded chondroitin sulfates A, B, and C. was amplified using PCR primers containing either a BamHI site or an XhoI site at the 5' ends for cloning. The PCR product was ligated into the pGEM TM -T easy vector and transformed into E. coli JM109 high efficiency competent cells. Positive colonies were selected, and the plasmids were purified and sequenced. The positive clone was digested with two restriction enzymes (BamHI and XhoI) and ligated to linearized pET26b(+) vector. The resulting constract, pET26_cslABC, was introduced into an expression host, E. coli BL21 (DE3).
To purify chondroitinase ABC, E. coli BL21 (DE3) cells containing pET_cslABC were cultured in 200 ml of LB broth containing 30 µg/ml of kanamycin to mid-log phase (OD 600 0. A reaction mixture (650 µl) containing 1 mg of substrate (chondroitin sulfate A, B, or C) dissolved in 50 mM phosphate buffer (pH 7.0) was thermally equilibrated for 5 min at 37 o C, and then 50 µl of enzyme solution was added, and the reaction was incubated. A absorbance at 232 nm was measured over-time. Enzyme activity was calculated according to the method of Shim and Kim [14] . Protein concentration was measured by the Bradford assay [2] .
An approximately 670-bp PCR product was amplified using the two primers synthesized from the internal amino acid sequences of purified native chondroitinase ABC from B. stercoris HJ-15. Genomic DNA libraries digested with HindIII were screened, and an approximately 2.3-Kbp positive fragment was identified. We also screened for full-length chondroitinase ABC gene using a genomic DNA library digested with KpnI and identified a 2.3-kbp fragment.
The cloned chondroitinase ABC consisted of a 3,090-bp sequence encoding a 1,029 amino acid protein. The cloned chondroitinase ABC gene and the encoded amino acid sequence share very weak homology with the corresponding genes from B. thetaiotaomicron (GenBank accession number: AE015928) (Fig. 1) and Y. pseudotuberculosis (GenBank gene accession number: CAH22311). When analyzed by Megablast (highly similar sequence), the gene of chondroitinase ABC has no significant similarity. However, when analyzed by Blastn (somewhat similar sequence), approximately 71% homology was found only between chondroitiase ABCs of HJ-15 and B. thetaiotaomicron. The amino acid sequence of the cloned chondroitinase ABC shares 71% and 25% sequence identity with those of B. thetaiotaomicron [13] and Y. pseudotuberculosis [8] , respectively. Moreover, the homology (amino acid) of the cloned HJ-15 chondroitinase ABC gene to that of B. thetaiotaomicron was higher than that of the HJ-15 chondroitinase AC gene to the corresponding gene in B. thetaiotaomicron [13, 14] . This result suggests that the chondroitinase ABC genes of Bacteroides sp. are more highly conserved than the chondroitinase AC genes.
The cloned chondroitinase ABC gene was inserted into the pET-26b(+) vector so that it would be expressed with a 6 His-tag, and the his-tagged protein was expressed in E. coli BL21(DE3) cells. Cells expressing recombinant chondroitinase ABC was purified by His Bind chromatography. SDS-PAGE showed that recombinant chondroitinase ABC was clearly purified by this single step purification ( Fig. 2A) . The molecular weight of the purified recombinant chondroitinase ABC was approximately 110 kDa, and the specific activity of the purified recombinant enzyme was 0.058 µmol/min/mg ( Table 1 ). The best substrate for the the purified recombinant enzyme was chondroitin A, followed by chondroitin C and chondroitin B, which was similar to that of the native enzyme [5] (Table 2) .
The recombinant chondroitinase ABC degraded chondroitin sulfates A, B, and C with substrate specificity similar to that of the native enzyme purified from B. stercoris HJ-15; however, the specific activities were much lower. Despite our attempts to optimize the incubation temperature, inducer concentration, growth medium, and expression host, the specific activity could not be improved (data not shown).
The optimal pH for chondroitinase ABC activity was 7.0. The enzymatic activity was stable between pH 6.7 and pH 7.7; however, activity decreased rapidly at pH values below 6.5 (Fig. 2B) , and Mn
2+
(0.1 mM), and EDTA did not influence activity (data not shown). Chondroitin sulfate, an extracellular matrix component, is related to diverse biological processes such as the regeneration of damaged axons [4, 15] and osteoarthritis [9−11] . In the intestine, degradation of exogenous and endogenous GAGs by chondroitinases produced by the gut microbiota may increase the bioavailability of GAGs, thus increasing GAG recycling. 
